Non-technical skills training in healthcare frequently uses high-fidelity simulation followed by a facilitated discussion known as debriefing. This type of training is mandatory for anaesthesia training in Australia and New Zealand. Debriefing by a skilled facilitator is thought to be essential for new learning through feedback and reflective processes. Key elements of effective debriefing need to be clearly identified to ensure that the training is evidence-based. We undertook a systematic review of empirical studies where elements of debriefing have been systematically manipulated during non-technical skills training. Eight publications met the inclusion criteria, but seven of these were of limited generalisability. The only study that was generalisable found that debriefing by novice instructors using a script improved team leader performance in paediatric resuscitation. The remaining seven publications were limited by the small number of debriefers included in each study and these reports were thus analogous to case reports. Generally, performance improved after debriefing by a skilled facilitator. However, the debriefer provided no specific advantage over other post-experience educational interventions. Acknowledging their limitations, these studies found that performance improved after self-led debrief, no debrief (with experienced practitioners), standardised multimedia debrief or after reviewing a DVD of the participants' own eye-tracking. There was no added performance improvement when review of a video recording was added to facilitator-led debriefing. One study reported no performance improvement after debriefing. Without empirical evidence that is specific to the healthcare domain, theories of learning from education and psychology should continue to inform practices and teaching for effective debriefing.
review of the simulation and, if used, this needs to be explained to participants during the briefing. Debriefing is frequently considered as occurring in three phases: 1. Emotional reaction. To allow participants to 'cool down ' and vent strong feelings that may otherwise interfere with the discussion. 2. Analysis. To find out what happened and why. 3. Generalisation. To integrate the simulation experience into real world clinical practice for performance improvement. Although these broad principles have been widely accepted as defining the requirements for effective debriefing, the specific elements of debriefing that are required for improvement in non-technical skills are not clearly defined in healthcare. Previous reviews have simultaneously examined the learning and instructional processes for technical and non-technical skills training [17] [18] [19] [20] . The specific skills needed for effective debriefing after simulation for non-technical skills training can be unclear when both technical and nontechnical training are reviewed together. We therefore undertook a systematic review of the literature to critically appraise empirical studies where elements of the debriefing process (such as the use of a skilled facilitator, the use of video and the use of a formal debriefing structure) have been systematically manipulated in the context of training to improve non-technical skills.
We addressed the following question: What aspect(s) of debriefing result in improvement in non-technical skills performance in healthcare?
Method
The following databases were searched: PubMed, ERIC, PsycINFO and the Cochrane Library, with further articles identified by hand-searching reference lists from retrieved publications. All databases were initially searched up to 30 September 2013 and then, immediately prior to submission, up to 14 June 2014. The search was of all available records since the inception of each database and was undertaken using the terms (debrief* OR feedback OR "after action review*") AND simulat* in the title or abstract. The choice of search terms was developed to capture the appropriate publications. Initial screening of the search results was on the basis of publication titles. Relevant publications were further screened on the basis of their abstracts, to identify papers to be fully reviewed. This was undertaken independently by a content expert and a research assistant. Disagreement was resolved by consensus. Review articles, meta-analyses, opinions or editorial comments were screened for additional empirical studies. Although meta-analysis was not undertaken, reporting complies with the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 21 .
Inclusion criteria
• Empirical studies where some aspect of debriefing after simulation using a high-fidelity manikin was varied in a controlled manner. • At least one non-technical performance outcome was reported. • The simulation was for training purposes. • There were no limitations on language of publication.
Exclusion criteria
• Reports of participants' satisfaction with simulation training, or their perception of having learnt, but without objective evidence of learning or performance. These were excluded because they may relate to the 'entertainment value' or 'customer satisfaction' of the simulation, rather than participant learning 22 . • Absence of controlled variation in at least one of the components of debriefing. For example, studies comparing the effects of simulation with debriefing against the effects of a lesson [23] [24] [25] . • Simulation undertaken for summative assessment.
Data extraction
A Cochrane Collaboration data collection template was used to formalise the data extraction. Specific details to be extracted were guided by the framework suggested by Raemer et al 26 and these included who was debriefed and by whom, how debriefing was conducted and participant performance measures. Potential sources of bias were evaluated using the methods described in the Cochrane Handbook for Systematic Reviews of Interventions 27 . 
Results
The database search returned 7282 publications and there were no relevant non-English abstracts. Seventeen additional references were identified from other review articles. The majority of the publications (6702) were eliminated on the basis of their titles being unrelated to the question at hand, leaving 597 unique abstracts that were each evaluated in terms of the inclusion and exclusion criteria. Most of these did not meet the inclusion criteria, typically because they were not empirical studies of debriefing. A final set of 25 full papers was critically evaluated and 17 were excluded 24, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] , as shown in the flow chart ( Figure 1 ).
Eight publications met the inclusion and exclusion criteria and are summarised in Tables 1 and 2 . These publications included performance data acquired during 886 simulations that involved 805 participants and 111 debriefers. In summary, these studies found that:
• Debriefing by novice paediatric advanced life support instructors using a script improved team leader performance when measured using a Behavioural Assessment Tool 44 . • There was no added performance improvement when review of a video recording was added to a facilitator-led debriefing 45 . • Performance improved after self-led debrief 46, 47 , no debrief 48 or standardised multimedia debrief 49 . • Performance improved after reviewing a DVD of participants' own eye-tracking 50 . • One study reported no performance improvement after debriefing 51 . However, with the exception of Cheng et al 44 , these studies all have significant limitations to the generalisability of their evidence, and heterogeneity in the process and outcome measures thus render meta-analysis inappropriate. 
Potential sources of bias
Potential sources of bias were present in seven of the eight publications. There were several potential sources of bias in the randomisation process, for example, external constraints such as scheduling availability 47 In the evaluation of blinding, it is obvious that no participants could be blinded in terms of what debriefing they received, although they may not have known if they were in the 'study' Table 2 Description of debriefing processes and timing of follow-up simulation performance evaluation
Comparison
Who was debriefed By whom How debriefing was conducted and its duration Time between intervention and evaluation Self-debriefing vs. instructorled debriefing 46 Anaesthesia residents, debriefed alone.
The same fellowshiptrained instructor used for all instructor-led debriefing.
Self-debrief by review of video, with ANTS framework for guidance. Instructor-led debrief with video playback of illustrative components, ANTS scale to guide discussion and reflection. All debriefs limited to 20 min.
Second scenario immediately after the first debriefing.
Within-team debriefing vs. instructor-led debriefing 47 Inter-professional teams.
Within-team debrief asked to "reflect on their CRM performance and on how it could be improved" using the Ottawa GRS as framework 62 . In the instructor-led debrief, "advocacy-inquiry" model , and Ottawa GRS both used. All debriefs limited to 20 min.
Scripted vs. unscripted debriefing (both instructorled) 44 Inter-professional teams.
Each team was debriefed by a different novice PALS instructor (n=90).
Scripted instructors asked to follow script, but not given specific instruction. A standardised debriefing script had been developed, guided by the "advocacy-inquiry" model 8,9, . Unscripted instructors given no instruction regarding style or method of debriefing, but asked to follow PALS learning objectives. All debriefs lasted ≤20 min.
Presumably immediately after first debriefing.
Eye-tracking DVD vs. verbal debrief 50
Final year nursing students debriefed individually.
Debriefed by trained research assistant (training unspecified).
Scripted debrief using an evaluation tool that was limited to discussion regarding the presence or absence of specific safety-related actions. The risk of bias due to incomplete data reporting or selective reporting was present in the five studies that reported drop-outs 43, 44, 48, 50, 51 . An additional source of bias was present in Morgan 48 , where participants were initially randomised to three groups, but two of these groups were merged after an earlier analysis. This merging of groups was reported in a previous publication 37 but was not discussed in the publication that was included in this review 48 .
Discussion
This review is confined to the use of debriefing after simulation for non-technical skills training in order to resolve potential confusion that can arise when the use of simulation to teach technical (e.g. knot-tying) and non-technical (e.g. communication) skills are reviewed simultaneously [17] [18] [19] [20] . This distinction is particularly important in anaesthesia because simulation to teach non-technical skills has become mandatory for anaesthetists in certain jurisdictions, such as Australia and New Zealand, and we need to be confident that such training is evidence-based.
With the exception of Cheng et al 44 , the studies included in this review have added relatively little generalisable knowledge regarding effective debriefing practices after healthcare simulation. Only Cheng et al 44 treated the debriefer as a variable that was randomised and they found that a scripted debrief improved the leaders' performance after debriefing by novice paediatric advanced life support instructors. This is an important finding with significant implications for debriefing practice and instructor training.
Of the remaining studies, six compared debriefing by one person using one method with debriefing by one other person using another method, and these studies are thus similar to case reports with a sample size of one or two instructors and the findings are not generalisable. Mariani et al 51 used 12 instructors with two debriefing approaches, but didn't include the instructor as a variable in the analysis. This limitation to generalisability has not been emphasised in other recent review articles 17, 18 , although Cheng et al 17 warned that few studies were included in their analyses of debriefing methods. These limitations are important when considering the practical application of the findings.
Five studies reported improvement in some measure of non-technical performance after debriefing by an experienced facilitator. However, the improvement attributed to the experienced facilitators was similar to the improvement found after some form of self-debriefing (either alone or as a team) 46, 47 , after post-event multimedia instruction 49 or after review of a DVD showing participants' eye-tracking 50 . In the case of experienced anaesthetists, there was similar improvement with no debriefing at all 48 , suggesting that prior experience may be as important as the debriefer. Collectively, these five studies suggest that the role of the debriefer may be less critical than previously thought, provided an effective post-simulation educational process is offered or that the clinicians are experienced practitioners. None of these studies showed additional benefit from videoassisted debriefing compared to debriefing without video review 45 . This is consistent with Tannenbaum 13 and is thus unsurprising, despite the beliefs of those of us who use video on a regular basis.
Despite the limitations in terms of generalisability, these are the best available empirical data and are useful to provide a basis for tentative conclusions. The lack of measurable additional benefit attributed to an experienced cliniciandebriefer, compared to other post-experiential interventions, as reported by most of these studies is important and surprising. On the basis of the literature, a skilled debriefer is expected to be essential for improvement 13 . This warrants careful consideration because clinicians are expensive to deploy from the clinical workforce to the simulation environment and additional training is required to develop expertise in debriefing.
There are several potential explanations for the lack of additional benefit attributable to experienced debriefers. These include the possibility that the debriefers were not expert in their debriefing, that the performance measurement tools lacked sensitivity or that one of the large range of confounding factors produced an effect that is larger than the experimental manipulation, thus masking any experimental effect. For example, it is accepted that briefing is important prior to simulation and debriefing for the creation of a 'safe' learning environment. However, in the studies reviewed, briefing before the simulation experience was not described in detail. The effectiveness of the facilitator-led debrief could potentially be reduced in the absence of a safe learning environment, but this is impossible to evaluate in these publications. Other variables that could potentially mask experimental effects include the use of confederates to act roles during the scenario, the duration of the scenario, participants' vocation, seniority and sex, prior learning, the length of time between simulation and any juxtaposed educational intervention and the time between the baseline and follow-up conditions. Because of the large number of uncontrolled covariates, the reports showing no benefit from debriefing by an experienced person need to be interpreted cautiously.
There is limited empirical evidence to define the skills that should be taught during instructor training and subsequently incorporated into debriefing practice. Until such data are available, debriefing practice should be guided by principles of learning theory. Some key principles of particular relevance to debriefing following simulation have previously been emphasised by Rudolph et al 8, 9, 14 and Tannenbaum 13 and include the needs to: • Interrupt existing ways of interpreting events (cognitive frames) to construct new understanding and practice 9,52 . • Optimise participants' cognitive capacity for learning, for example by the use of structure to reduce cognitive load 44 . • Provide specific feedback and opportunities to practise 1, 53 .
• Transfer knowledge and skills to clinical practice. This is more likely if the learning is integrated within larger frameworks 54 and if participants understand the underlying concepts and principles 55 . • Manage the relationship between emotion and cognition.
The emotional and cognitive dimensions of learning are inextricably connected. An effective learning environment is highly attuned to learners' motivations and emotions 56, 57 and requires the development of trust 58 .
Conclusions
The use of high-fidelity immersive simulation to provide non-technical skill training is widespread, costly and, in some jurisdictions, mandatory for anaesthesia training or recertification. It is thus essential that debriefing practice, as a critical component of this training, is evidence-based. The essential elements of effective debriefing after simulation during non-technical skills training in healthcare remain largely guided by expert opinion 8, 9 and are heavily weighted by the assumed "gold-standard" 47 of debriefing undertaken by a skilled facilitator. However, the need for a skilled instructor is challenged by most of the studies examined in this review. Of the studies reviewed here, only one had sufficient instructors and participants to allow generalisability and it found improved participant performance after scripted debriefing by novice paediatric advanced life support instructors 44 . The implications for experienced instructors in anaesthesia simulation is unknown, but the use of a script to provide structure is noteworthy and should probably be incorporated into instructor training.
For effective training and education of new instructors and for optimal debriefing practice by experienced practitioners, it is important to unpack and describe the specific elements of what happens during debriefing for non-technical skill training and to empirically evaluate the components. None of the studies included in this review described the specific details or the quality of the debriefing in sufficient detail to allow replication. It is noteworthy that a range of tools is now available to enable debriefing to be scored 15, 16, 32, 59, 60 , thus enabling quantification of the relationship between the specific behaviours enacted by the debriefer and the subsequent changes in participant performance. This will help to fill the noticeable lack of empirical data regarding the specific nature of the debriefing process and non-technical performance outcomes. Until such data are available, principles from learning theory should be used to inform practice and training for debriefing. Although it may appear from the limited research available that the role of debriefer is not important to non-technical skill acquisition, research in other fields identifies the crucial contribution that quality facilitation of debriefing makes to successful learning outcomes. Therefore, further study is warranted to further investigate these aspects of debriefing practice after healthcare simulation.
